ABSTRACT
INTRODUCTION
The whitefly Bemisia tabaci (Gennadius) (Hemiptera: Aleyrididae) and bollworm Helicoverpa armigera Hübner (Lepidoptera: Noctuidae) are key pests attacking many crops such as tomato (Talekar et al., 2006; Liu, 2007) . The whitefly B. tabaci is a pest with high economic impact of crops worldwide (Oliveira et al., 2001; Liu, 2007) . It comes to the fore of phytosanitary constraints of vegetables and other crops in tropical, subtropical and Mediterranean areas (Oliveira et al., 2001; Simmons et al., 2002) . It abundance and dynamics vary depending on the host plants and their stage of development, and on climatic factors (Simmons and Jackson, 2000) . Indeed , the number of B. tabaci and the virus Tomato yellow leaf curl virus (TYLCV) that it inoculates in plants are high during the summer season (Stansly et al., 2004) . High temperatures of this season encourage their reproduction and migration on crops. From a taxonomic point of view, it is complex and comprises at least 24 subspecies morphologically indistinguishable but genetically distinct (Wang et al., 2011) . They are usually located on the underside of leaves of plants and transmit more than 110 viruses (Jones, 2003; Ben-Yakir, 2012) . This whitefly transmitted to tomato TYLCV that is one of the most devastating pathogenic agents of tomato cultivated in tropical and subtropical regions of the world (Jones, 2003; Zhang et al., 2004) . The sucking of sap by larvae and adults of B. tabaci cause physiological disorders. This results in the early maturity, irregular coloration of tomato fruit and plant death (Ben-Yakir et al., 2012) . Thus, it affects the quality of fruits and decreases yields (Ben-Yakir et al., 2012) . The whitefly B. tabaci and bollworm H. armigera are important pests of vegetable crops. Moth H. armigera causes considerable yield losses by the destruction of leaf and fruit bodies (Zalucki et al., 1986) . Indeed, H. armigera larvae are polyphagous and can cause the destruction of 30% of untreated fruit of plants (Zalucki et al., 1986; Walker and Cameron, 1990) . The temperate climate whose average of daily temperature is 23.5 °C limits the development of H. armigera by two to three generations per year. This limits the ability of H. armigera to reach damaging levels (Walker and Cameron, 1990) . H. armigera damages are regularly distributed in the dry season, but much less, damage is localized at the top of the plant during the rainy season (Bouchard et al., 1992) . Farmers use large quantities of pesticides to protect their crops from B. tabaci and H. armigera damage and to increase yields. However, intensive use of chemical pesticides in its control has led to these pests developing resistance to the pesticides commonly used (Akbar et al., 2011) and cause serious damage to natural enemies of these pests (Cui et al., 2013) . H. armigera adults are highly mobile and capable of migration and adaption to their environment. Larvae may enter diapause optionally and develop resistance to insecticides (Torres-Villa et al., 2002) . Many studies have shown that most of the products used by farmers are persistent and accumulate in water, soil and air, but also in food (Harris et al., 2001; Baglieri et al., 2011) . These pesticides cause neurological disorders to population resulting in neurodegenerative diseases such as Parkinson's disease and Alzheimer (Baldi et al., 2003) and are endocrine disruptors (Oliva et al., 2001) . They are at the same time an ecological, environmental and sanitary threat. In Côte d'Ivoire, some areas have been the subject of several studies and helped to establish the state of contamination on populations and food (Mambo, 2001; Traoré et al., 2002) . Indeed, the analysis of groundwater samples in the areas of Buyo, Grand-Lahou, Yamoussoukro and Anyama showed the presence of pesticides in about 90% of the well water in areas where vegetable crops are practiced with total pesticides content up to 25.63 g/L (Traoré et al., 2006) . These average concentrations of key residues are beyond the standards or reference values recommended for drinking water, which are 0.1 mg/L for a separate active material and 0.5 mg/L for total active ingredients (WHO, 1994) . In addition, studies by Traoré et al. (2003 Traoré et al. ( , 2008 showed the presence of organochlorine pesticides respectively in fish in the southwest and in the cow milk of three agricultural zones of Côte d' Ivoire. In Bongouanou, vegetable crops are grown near Ehuikro and Kabi dam whose water flows into the dam of Ehuikro. Furthermore, these farmers in majority use insecticides for cotton. In addition, each year the production of water by SODECI (Société de Distribution d'Eau en Côte d'Ivoire) Bongouanou is interrupted due to pollution. The population may be exposed to environmental and health problems. Thus, control of pests with the pesticides present numerous drawbacks. It is therefore paramount to find other alternatives to overcome these constraints. Numerous studies have demonstrated the efficacy of plant extracts on phytophagous pests. The toxicity of J. carcus seeds extract is attributed to several components, including saponins, lectins (curcin) (Li et al., 2010) , phytates, protease inhibitors, curcalonic acid and phorbol esters (Makkar et al., 1997; 1998) . The neem extracts contain active molecules such as azadirachtin , the Nimbin , the salanine and sterol (Schumutterer, 1990 , Faye, 2010 and other substances, particularly saanine and méliantriol which have an effect on the biology of insects (Philogène, 1991) . The extracts of Melia azaderach L., Azadirachta indica A. Juss. affect the fertility and mortality of B. tabaci (Nardo et al., 1997) , soybean oil and cotton grains have also shown toxicity on B. tabaci (Butler et al., 1988) . Aqueous and ethanol extracts of capsicum frutescens have had negative effects on hatching, fertility and adult survival of B. tabaci (Bouchelta et al., 2003) . The ginger oil is a good repellent against silverleaf whitefly (Homoptera: Aleyrodidae) and its effectiveness increases with the concentrations (Zhang et al., 2004) . Leaves and roots extracts inhibit the growth of Helicoverpa zea (Boddie) (Aiyelaagbe and Gloer, 2008) and those obtained from the leaves of J. gossypifolia are toxic to Spodoptera litura second stages (F.) (Phowichit et al., 2008) . In searching for other products which are biodegradable and harmless to the environment, compatible with integrated pest management strategy, this study was conducted in the region of Moronou to compare the efficacy of aqueous neem seeds and leaves extracts, and of jatropha seeds to insecticides Décis® and Cypercal® commonly used in tomato crops to assess their effectiveness and applicability in large scale.
MATERIALS AND METHODS
Study area : Plots were established three localities (CBC Kangandissou, Ahorosso and Bongouanou) located in east-central Côte d'Ivoire in the region of Moronou between longitude 3° 40' and 4° 43' East and latitudes 6° 7 'and 6° 55'. Insects : Bemisia tabaci adults and Helicoverpa armigera larvae were counted on tomato plants (Lycopersicon esculentum Mill). Plant Material and extraction Plant Material: Jatropha curcas L. seeds were collected from Boundiali in the north of Côte d'Ivoire. Leaves and seeds of neem were collected from Bongouanou in the east central of Côte d'Ivoire. The neem (Azadirachta indica A. Juss) leaves were collected during daytime, were cleaned, washed with water and were grounded in a mortar to obtain a pasty content. Jatropha and neem seeds were dried under shade. Extraction: For a better extraction of the active material 500 or 800 grams of neem seeds or jatropha were cleaned, de-shelled and subsequently the kernels and hulls were separated manually. The kernels were grounded to fine powders. The fine powders were placed in a bucket with 10 liters of water. The content was vigorously stirred every 2 hours. After 24 hours of soaking, the solution was filtered through a piece of fabric to retain the tissue and debris on the filter and the filtrate into a clean bucket. Then, the filtrate was poured into a spray can for the weekly treatment the plots. In severe attacks, additional applications are made (Anonymous, 2003) . For extraction of active substance of neem leaves, the pasty content is weighed and introduced into a plastic bucket containing water at a dose of 1 kg in 15 liters of water. The mixture was vigorously stirred every two hours and for three days. After steeping, the solution was filtered through a clean cloth and the filtrate was used to spray the plots each week (N'Diaye and Seck, 1997; Padonou, 2008) . In Ahorosso and CBC Kangandissou, the number of treatments was reduced to 5 for the correct application of products by farmers. The tomato plants were planted in pairs in rows spaced 0.4 m and 0.8 m distance separating the grooves. Three trenches were one repetition. Nurseries were conducted on beds which were first disinfected by covering them with FURADAN 5G at a rate of 10 g/m² and fertilized with NPK at the rate of 10 g/m² five days before planting. A shade of a meter in height was constructed over the beds until the seed germination. Watering and treatment with fungicide Maneb® and weeding of nurseries were made. Transplanting was done on the beds, with a spacing of 40 cm between plants. This gives a density of 36 feet per repetition. After transplanting, dead plants were replaced and maintenance such as weeding, and irrigation were performed regularly. In Ahorosso and CBC Kangandissou, treatments applied to tomatoes to control B. tabaci and H. armigera were aqueous extracts of neem seeds (80 g/L) and jatropha (80 g/L), aqueous extracts of neem leaves 67g/L and insecticide Decis®. In Bongouanou, in addition to these treatments, the aqueous extracts of neem seeds (50 g/L) and jatropha seed (50 g/L), and pesticide Cypercal® were applied (Table 1) . Insecticide sprayer was used for foliar applications in the field. The treatable area by biopesticide was 200 m 2 . Only the control plots were not treated. insect pests. The number of each species was identified. The evaluation of production focuses on the total weight of mature fruit harvested per treatment, once a week until the end of the experiment. Thus, the yield (R) is estimated at the end of harvest by the formula: R (kg / ha) = P (kg) x 10 000 / S (m 2 ) where P is the total weight of ripe fruit harvested from a surface S.
Data analysis: For results, statistical treatments were performed. To do this, the data were entered in Excel. The data obtained were subjected to analysis of variance (ANOVA main effect) on the threshold of 5% and average discriminated with the Student-NewmanKeuls (SNK) using the STATISTICA software version 7.1 (2005).
RESULTS

Effect of treatments on B. tabaci adult abundance:
The vegetative phase of Ahorosso and Bongouanou's tomatoes took place during the rainy season. Whole cycle of CBC Kangandissou tomatoes was made during the dry season. B. tabaci population of Ahorosso and Bongouanou are low compared to those of the CBC Kangandissou (Table 2 ). In Ahorosso, Bongouanou and CBC Kangandissou, the biopesticides made of neem and jatropha have similar efficiencies to pesticides commonly used by farmer to control B. tabaci. In Ahorosso (P=0.03) and CBC Kangandissou (P=0.00), the aqueous extracts of neem seeds 80g/L and neem leaves 67g/L and aqueous extracts of Jatropha 80g /L and the pesticide Décis 12 EC® significantly reduced the number of B. tabaci on tomato plants compared to the control (untreated) ( Table 2 ). In Bongouanou, the aqueous extracts of neem and jatropha seeds 80 g/L and 50 g/L, and neem leaves 67g/L applied to Bongouanou's plots of tomatoes have similar efficiencies to pesticides Décis® and Cypercal®. These products have significantly reduced the number of B. tabaci per plant compared to the control (P = 0.01) ( Table 2) . Effect of treatments on the abundance of H. armigera larvae and the number of tomato fruits attacked : In Ahorosso, aqueous extract made of neem seed 80 g/L was most effective against the larvae of H. armigera. Aqueous extracts of neem leaves 67g / L and jatropha seeds 80 g/L showed the same toxicity as insecticides Décis®. The aqueous extracts grain jatropha 80 g/L, neem leaves and Decis® have moderately reduced the number of H. armigera larvae per plant compared to the control (P = 0.00). The number of H. armigera larvae per plant at the control plots was low (0.07). However, the number of fruits attacked by larvae per plant of tomato was high (2.95). All products tested have significantly reduced the number of fruits attacked by H. armigera larvae compared to T0 control (P = 0.01) ( Table 3) . In Bongouanou, the number of H. armigera larvae per plant was very low (control: 0.02 larvae). The aqueous extracts of neem and jatropha , and insecticides Décis® and Cypercal® tested reduced significantly the number of larvae of H. armigera per plant. There is however a significant difference in the effectiveness of the products tested and the witness in number of larvae of H. armigera per plant (P = 0.00) and in the number of fruits attacked by the larvae of H. armigera per plant (P= 0.03). The biopesticides have the same effectiveness as the insecticides Décis® and Cypercal® on H. armigera larvae and the damage they cause (Table 3) . In CBC Kangandissou, the number of H. armigera larvae per plant was very low (control: 0.04 larvae). There are no significant differences between the products tested compared to the control (P = 0.11). However, biopesticides based on aqueous extracts of neem and jatropha seeds have the same effectiveness as the insecticides Décis® in the number of fruits per plant attacked. The effectiveness of different aqueous extracts of neem and jatropha and the Décis® is statistically different from that of the control (P = 0.03) ( Table 3) . Effect of treatments on the number of fruits per plant and fruits weight per plant : In Ahorosso, the number of fruits per plant, fruit weight per plant and yield of plots treated with aqueous extracts of neem seeds 80g/L, of neem leaves 67g/L and jatropha seeds 80g/L were statistically identical to those treated with the pesticide Décis®. However, there were significant differences between the treated plots and the control in the number of fruits per plant (P = 0.01), in weight of fruits per plant (P = 0.00) and in yield (P = 0.00). The weakest yield were on the control, it value was 5330.88 kg/ha. Plots treated with aqueous extracts of jatropha seeds 80 g/L showed the number of fruits per plant (10.57), fruit weight per plant (399.95 g) and yield (9989.81 kg/ha ) were higher compared to those obtained with aqueous extract of neem 80 g/L, leaves aqueous extract 67g/L and the pesticide Décis® (Table  4) . In Bongouanou, there was no significant difference between the number of fruits per plant, fruit weight per plant and yield in plots treated with biopesticides based neem and jatropha, and pesticides Décis® and Cypercal®. However, these values are lower in the control plots (Table 5 ). In CBC Kangandissou, the number of fruit per plant was statistically identical in all treated plots with control plots (P = 0. 23). However, this number was higher in plots treated with aqueous extracts of neem leaves 67g/L and aqueous extracts of Jatropha 80 g/L. These values are respectively 17.36 and 15.04 fruits per plant. There had significant differences between treatment and control in fruit weight per plant (P = 0.00) and at yield (P = 0.01). In this locality, the weight of tomato fruits per plant and yield were respectively statistically identical in plots treated with different products. However, the number of fruit per plant and yield were higher in plots treated with aqueous extracts of neem leaves 67g/L (17.36fruits; 20944 kg / ha) and in those treated with jatropha extracts aqueous 80g/L (15.04 fruits; 18218.60 kg/ha). These values are lower in control plots (8.11 fruits; 6552.26 kg / ha) ( Table 6 ). 
DISCUSSION
The study showed that the number of B. tabaci is low on tomato plant took place during the rainy season in Ahorosso and Bongouanou plots. The similar results were reported by Nunes et al.(2006) and N'Zi et al. (2010) . According to these authors, adults of B. tabaci abandon weeds and neighboring host plants to colonize tomato plants during the dry season. Hilje (1995) and et al. (2010) showed that the period of rain disrupted the development of B. tabaci in causing the death of thousands of larvae and adults. The foliage applications of Jatropha and neem aqueous extract have demonstrated a remarkable effect on B. tabaci and H. armigera. In fact, it reduces the number of B. tabaci adults and H. armigera larvae in tomato Rangarajan et al., 2000 and Bouchelta et al., 2005 reported that the substance in aqueous extracts of leaves and neem seeds inhibit the development of larvae, egg fertility and exerts repellent or toxic effect on B. tabaci. According to Viňuela et al. (2003) , azadirachtin has effects similar to that of diflubenzuron (DIMILIN 25 WP, AgrEvo, Valencia, Spain) with similar actions in juvenile hormone blocking insect metamorphosis. It inhibits the growth that affects spawning (Ahmed et al., 2001; Bruce et al., 2004) and molting and larval development (Da Silva and Martinez, 2004; Islam et al., 2007) . Alice and Sujeetha (2008) showed that on rice, extracts of neem seeds and neem leaves inhibit the growth and development of Sogatella furcifera (Horvath) (Homoptera: Delphacidae). SenthilNathan et al. (2007) also reported that these extracts reduce the weight of nymphs of Nilaparvata lugens (Stål ) (Homoptera: Delphacidae ) from 45 to 60%. Even low concentrations can effectively inhibit the growth and survival of N. lugens. Indeed, azadirachtin inhibit insect growth by preventing the synthesis of ecdysteroids, by inhibiting hormone blocking protothoracicotropic moulting and thus interrupts the reproductive cycle (Isman, 1997) . Azadirachtin inhibit the ecdysone cascade modulate pathway, which result in the disorder of tissue remodeling in molting (Zhao et al., 2014) . According to Banerjee and Rembold (1992) , azadirachtin cause accumulation of serotonin in the neuroendocrine organs, it seems definite that its interference with this neurotransmitter could be the primary cause of inhibition of release of hormones responsible for growth and metamorphosis. In general, it affects the behavior of insects (Koul, 2004) . Moreover, when the extract of neem is applied to plants, the active particles penetrate the different parts of the plant via the xylem, the phloem, and the proportion reaching the ground penetrates through the roots (Javed et al., 2007) . Furthermore, Javed et al. (2007) show that activity of 3% neem seed and leaves persist in the soil for 16 weeks. Cobbinah and Tuani (1992) demonstrated the negative effect of jatropha seed oil on survival and feeding rate of Zonocerus variegatus L. They also reported reduced damage by Z. variegatus to cassava foliage after treatment of jatropha seed extracts. It protects the plant against plant pests including insects and herbivores (Marshall et al., 1985) . Solsoloy and Solsoloy (2000) and Adebowale and Adedire (2006) showed that the jatropha products reduced significantly nesting insects at high concentrations and cause total mortality of eggs and larvae regardless concentration. According to these authors, the insecticides effects could be caused by sterols and terpene alcohols contained in jatropha product. Significant reduction in the number of B. tabaci and H. armigera by the application of biopesticides based on jatropha and neem in different localities would be related to the inhibition of oviposition exerted on insects. Bouchelta et al. (2005) showed that the extracts of saponins in Capsicum frutescens L.
(Solanaceae) significantly reduce hatching eggs of B. tabaci compared to the control (1% ethanol). According to these authors, extracts of saponins affect more whitefly adult and the witness, the proportion of adult deaths is increasing with concentration.
CONCLUSION
The study show that the aqueous extracts of neem and jatropha are as effective as pesticides Décis® and Cypercal® on B. tabaci and H. armigera on farm. These aqueous extracts of jatropha and neem can be integrated into a management program of B. tabaci and H. armigera in tomato crops.
